ABSTRACT. The presence of immunoreactive atrial natriuretic polypeptide (ANP) has been demonstrated in fetal atria early in gestation but further definition of fetal ANP has not been reported. To characterize the principal molecular forms of fetal ANP and to compare fetal ANP to that of the adult of the same species, we extracted the atria of pregnant adult and 20-ilay fetal rats, the hearts of 14-day fetuses, and intact 12-day fetuses in 1 M acetic acid. Tissue collected from Iittermates was pooled. We measured ANP by radioimmunoassay before and after gel filtration on Sephadex G-75 in each group. ANP concentrations (x ± 1 SD) in ng/mg protein and ng/animal were 1296 ± 505 and 7707 ± 1877 in adult atria (n = 17), 174 ± 44 and 62 ± 13 in 20-ilay fetal atria (n =7), and 33 ± 5.3 and 3.7 ± 0.9 in 14-day fetal hearts (n = 6), respectively. Acid extracts from intact 12-day fetuses did not dilute in parallel to the standard curve; therefore, concentrations of ANP for the 12-day fetuses are not reported. ANP concentration rose from the 20-day fetus to the adult (p < 0.0001). The major species of ANP eluting from the Sephadex column had an apparent molecular weight of 16 K in all groups. We conclude: 1) ANP is present in the fetus shortly after the completion of organogenesis; 2) 16 K ANP is the principal intracardiac species in the fetus and the adult; and 3) the existence of ANP soon after cardiac development suggests a possible role for ANP in fetal blood pressure and sodium and water homeostasis. (Pediatr Res 22: 115-117,1987) Abbreviations ANP, atrial natriuretic polypeptide RIA, radioimmunoassay BSA, bovine serum albumin 12). The presence of immunoreactive ANP has been demonstrated in fetal atria early in gestation but further definition of fetal ANP has not been reported (13) .
To characterize the principal molecular forms of fetal ANP and to compare fetal ANP to the adult of the same species, we extracted ANP from pregnant adult and fetal (20, 14 , and 12 day) Sprague Dawley rats (Harlan , Indianapolis, IN) and measured the concentration of ANP by direct radioimmunoassay before and after gel filtration.
MATERIALS AND METHODS
Extra ction of ANP from tissue. Timed pregnant (20, 14 , and 12 day) Sprague Dawley rats were sacrificed by cervical dislocation or decapitation. The hearts of the adult animals and 20-day fetuses were remo ved and the atria dissected free. The hearts of 14-day fetuses were harvested and processed intact. The 12-day fetuses were removed from the amniotic cavity and handled without further dissection. Atrial tissue from adult animals was processed individually while the fetal tissue of littermates was pooled. All tissue was snap frozen in liquid nitrogen and stored at -70· C until extraction.
While the tissue was still frozen, 2 ml of hot (100· C) 1.0 M acetic acid was added to each adult or pooled littermate specimen . The samples were then homogenized for 60 s (Tissumizer, Tekmar, Cincinnati, OH), placed in boiling water for 10 min, cooled on ice, and centrifuged at 30,000 x g for 30 min at 4· C.
The supernatant was removed, a sample lyophilized for RIA and the remainder stored at -70· C for gel filtration and protein determination. To compare the recovery of immunoreactive ANP among the acid extracts from 14-day fetal hearts and 20-day fetal and adult atria, samples from each tissue were homogenized in 1.0 M acetic acid and divided into two equal volumes. One of the samples was spiked with a known concentration of a-hANP which was approximately three times the amount of ANP present in the tissue sample. Spiked and unspiked samples were then processed as previously described and the amount of ANP documented by RIA. The recovery of a-hANP was calculated by dividing the difference between immunoreactive ANP in the spiked and unspiked samples by the amount of a-hANP added to the spiked sample.
Protein concentration was determined by the method of Lowry et al. (14) using a BSA standard (Sigma, St. Louis, MO).
Gel filtration. Acid extracts of adult and 20-day fetal atria , 14-day fetal hearts, and 12-day intact fetuses were chromatographed at 4°C on a 65 x 1.6 cm column of Sephadex G-75, fine grade (Pharmacia, Piscataway, NJ) in 1.0 M acetic acid plus 0.1 mg/ ml BSA (Sigma type 7368, St. Louis, MO). One ml of extract was applied and eluted from the column at 4.5 ml/h into 1.5-ml fractions. These samples were lyophilized, reconstituted in RIA buffer, and the concentration of ANP determined by direct RIA. the principal species of ANP in all age groups hasan approximate molecular weight of 16 K. A second peak of immunoreactivity was identified in all age groups with an approximate molecular weight of 9 K. Finally, a peak of immunoreactive ANP corresponding with 3-6 K ANP was identified in the l2-day-old fetuses.
These data document the presence of immunoreactive ANP in the fetus shortly after the completion of organogenesis. In RIA. Lyophilized tissue extracts and G-75 filtration fractions were reconstituted in RIA buffer (0.1 M sodium phosphate, 0.05 M NaCl, 0.1% BSA, 0.1 % Triton X-100, 0.01% sodium azide, pH 7.4). RIA was performed using the double antibody method described by Tang et al. (15) . The final dilution of ANP antisera was 1:80,000. Rabbit anti-hANP, '25I_hANP, a-hANP standard, and antirabbit -y-globulin were obtained from Peninsula Laboratories (Belmont, CA). The cross-reactivity of rabbit anti h-ANP is 100% with rat ANP (He 12 a-hANP), 100% with rat atriopeptin III, 5% with rat atriopeptin II, and 0% with rat atriopeptin I. The sensitivity of the assay in our laboratory is 4 pg/tube, At 50% displacement our intraassay coefficient of variation is 4.1% (n = 7) and our interassay coefficient of variation is 10% (n = 6).
Due to the technical difficulty of isolating atria from 14-and 12-day-old fetuses, fetal hearts (14 day) and whole fetuses (12 day) were used for extraction. All samples diluted in parallel to the standard curve of the RIA except for those obtained prior to gel filtration from the l2-day fetuses (Fig. 1) . As a result concentrations of ANP in the l2-day fetus are not reported. ANP concentrations are expressed per mg protein and per animal. However, due to a different source of ANP (atrial in adult and 20-day fetus and whole heart in l4-day fetus), statistical analysis was only performed on adult and 20-day specimens. The mean concentration of ANP in the fetal samples was calculated using a value weighted according to litter size. An analysis of variance was employed to compare 20-day fetal and maternal values with fetal samples weighted according to litter size and maternal sample given a weight of one (16) .
RESULTS
The recovery of ANP in acid extracts from l4-day fetal hearts and 20-day fetal and adult atria were 98.8 ± 6.0, 83.3 ± 23.2, and 117 ± 10.0% (it ± 1 SD, n = 3), respectively. Reported concentrations of immunoreactive ANP are corrected for recovery of a-hANP when the recovery was less than 100%.
The concentrations of immunoreactive ANP (it ± 1 SD) are depicted in table 1. The concentration of ANP immunoreactivity increased from the 20-day fetus to the adult whether expressed as ng/mg of protein or ng per animal (p < 0.0001).
The gel filtration experiments documented that the molecular weight species of immunoreactive ANP in the extracts of adult and 20-and 14-day fetuses were identical ( Fig. 2) . Furthermore, 10 20 40 80 160 320 640 1280
a-h Atrial Natriuretic Polypeptide (pg/ml) Fig. 1 . Dilution curve of .&., a-h atrial natriuretic polypeptide (standard curve); 0, adult atrial extract; _, 20-day fetal atrial extract; 0, 14-day fetal heart extract; and., 12-day whole fetal extract. addition, the principal intracardiac species of ANP in the adult and 20-and 14-day-old fetus has an apparent molecular weight of 16 K. These results are in agreement with previous reports (9-II) using adult rat and human atria which suggested that the principal intraatrial species has a molecular weight of 13-15 K. The chromatogram from the 12-day fetus also documents a predominance of 16 K ANP. The use of intact fetuses prevents localization of the source of 16 K ANP. However, no study has documented an extraatrial orgin for high molecular forms of ANP suggesting that the source of 16 K ANP in the 12-day fetus is also the atrium.
A second peak of immunoreactive ANP was identified in all ages with an apparent molecular weight of 9 K. These data are in agreement with other studies (17, 18) which also identified 9 K immunoreactive ANP in atrial extract. While the significance of this form of ANP remains to be determined, potential explanations of this finding include the possibility that 9 K ANP is a degradation product of precursor ANP induced by our experimental design and has no physiological significance; that 9 K ANP is a trimer of aANP; and that 9 K ANP is an intermediate form of ANP in the processing of the precursor compound to the circulating form of ANP.
A third immunoreactive peak of ANP with an apparent molecular weight of 3-6 K was identified only in the extract of 12-day, intact fetuses. The significance of this peak is unclear. It may be the result of proteolytic digestion of 16 K ANP by proteases in the fetal homogenate. However, the reports of a 5 K antiparallel dimer of aANP (19) and the presence of 3 K ANP in both fetal hematopoetic tissue of the liver (20) and fetal hypothalamic cells (21) suggest that this peak may also represent either 5 K ANP or aANP extracted from the blood or target organs in the fetus.
In summary the data presented document the presence of immunoreactive ANP in the fetus shortly after organogenesis. The concentration of intraatrial ANP increased from the 20-day fetus to the adult. The principal ANP species in all ages studied has a molecular weight of 16 K. The existence of ANP soon after cardiac development suggests a possible role for ANP in fetal blood pressure and sodium and water homeostasis.
